

















































































Androgens	 270.3	–	428.7	 9.3	–	15.1	 1.8	–	7.9	 1.9	x	10-3	–	58	 5.69	–	1.0	x106	
Estrogens	 270.4	–	446.7	 -3.8	–	10.3	 2.3	–	5.3	 1.2	–	1900	 1	–	6.6	x104	
Gestagens	 312.5	–	428.6	 13.0	–	13.1	 2.8	–	3.6	 2.6	–	24	 20.3	–	1.21	x104	




























Variables	 Unit	 Lower	Level	 Central	Level	 High	Level	
Sheath	gas	 a.u.	 15.0	 32.5	 50.0	
Auxiliary	gas	 a.u.	 5.0	 15.0	 25.0	
Sweep	gas	 a.u.	 2	 4	 6	
Discharge	current	 kV	 3	 4	 5	
Capillary	temperature	 °C	 250	 300	 350	
S-lens	RF	 level	 25	 50	 75	








Figure	 1.	 The	 result	 of	 the	 chromatographic	 optimisation	 for	 the	 androgens	 (1	 ng	 injected	 on	 column).	 1.	 17b-testosterone,	 2.	 7a-
testosterone,	 3.	 19-	 nortestosterone,	 4.	methyl	 testosterone,	 5.	 norethandrolone,	 6.	 formebolone,	 7.	 androstenedione,	 8.	 1,4-andradien-
17b-ol-3-one,	9.	methandriol	,	10.	mestanolone,	11.	methylboldenone,	12.	trenbolone	(a	and	b)	,	13.	testosterone	acetate,	14.	trenbolone	
actate,	15.	stanozolol,	16.	fluoxymesterone,	17.	methandriol	and	18.	5b-androstane-3a,17b-diol.	
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Mass	spectrometric	optimization	
The	Q-Exactive	was	operated	in	the	full	scan	mode	by	alternating	the	polarity	from	negative	to	positive	mode.	Nevertheless,	
all	the	steroids	were	detected	in	the	positive	polarity	mode.	Subsequently,	the	EDC	mass	spectra	–	obtained	with	the	APCI	
method	–	were	mainly	characterized	by	MH+,	MH+-H2O	and	MH+-2H2O.	The	loss	of	water	in	the	positive	APCI	mode	has	been	
reported	earlier	for	the	analysis	of	steroids	(Ma	and	Kim	1997).	The	detection	was	performed	at	a	scan	range	of	60-900	Da	
and	a	resolution	of	140000	FWHM.	The	effects	of	other	instrumental	mass	spectrometric	variables	were	statistically	
evaluated	by	a	L27	experimental	design,	making	use	real	extracts	for	analysis.	The	effect	of	each	variable	was	evaluated	at	
95%	(p=0.05)	significance	by	an	effect	plot.	To	do	so,	the	sum	of	all	the	normalized	peak	areas	was	taken	into	account	as	
response	parameter.	The	L27-design	was	performed	with	a	determination	coefficient	of	0.845,	which	is	acceptable	for	
experimental	designs.	The	significance	of	the	mass	spectrometric	parameters	is	depicted	in	Figure	2.	Five	variables	had	a	
significant	positive	or	negative	effect	on	the	total	normalized	chromatographic	peak	area,	evaluated	by	the	statistical	p-
value.	The	positive	significant	variables	were	sheath	gas	(p=	4.88x10-8),	auxiliary	gas	(p=	2.57x10-1)	and	S-lens	RF	(p=	5.49x10-
6).	The	sweep	gas	(p=	3.29x10-2)	and	capillary	temperature	(p=	3.46x10-2)	had	a	negative	effect	on	the	response.	These	
significant	parameters	will	be	selected	for	future	optimizing	experiments,	to	increase	the	sensitivity	and	suppress	matrix	
effects.	
	
Figure	2.	The	experimental	L27	design,	used	to	statistically	investigate	the	normalised	effects	on	the	MS	variables	at	a	95%	(p<0,05)	
significance	level,	show	a	significant	effect	of	sheath	gas,	auxiliary	gas,	sweep	gas,	capillary	temperature	and	S-lens	RF.	
Extraction	
The	newly	optimised	extraction	method,	developed	for	a	broad	range	of	EDCs,	shows	potential	to	extract	55	target	EDCs	
from	substitute	ocean	water	(ASTM	-D1441).	The	extraction	must	be	further	optimized	in	accordance	to	extract	more	EDCs	
and	enhance	the	total	signal	of	all	detectable	analytes.	
Conclusions	
Optimizing	the	chromatographic	and	mass	spectrometric	parameters	lead	to	a	sensitive	and	fast	liquid	chromatographic	
high-resolution	mass	spectrometric	(LC-HRMS)	method	for	measuring	a	broad	range	of	steroidal	EDCs	in	the	marine	
environment.	Future	perspectives	are	further	optimizing	the	extraction	method	and	validating	the	UHPLC-HRMS	method	
according	to	CD	2002/657/EC.	Finally,	the	developed	method	will	be	an	important	driver	to	different	monitoring	programs	in	
the	aquatic	marine	environment.	This	can	lead	to	international	regulations	to	protect	our	coast	and	marine	environment.		
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